The increasing demand for methods of rapid stream bioassessment has stimulated the evaluation of data simplification. In particular, these studies have assessed how much power is lost when species/morphospecies identification is replaced by family identifications or use of EPT (Ephemeroptera, Plecoptera and Trichoptera) taxa only. A second simplifying factor commonly evaluated is the use of presence/absence data instead of density. These simplifications have provided valid results in most cases where differences among groups are large, particularly in studies comparing impacted vs. non-impacted stream sites and ecological studies involving large spatial scales. Here I evaluate whether data simplification, both in terms of taxonomic (families, morphospecies of EPT) and numeric (presence/absence) resolutions, is valid for ecological studies done at local scales, where differences among groups are subtle. Datasets used are derived from a five-year study of five stream sites situated in a catchment in southeast Brazil. Streams were sampled twice a year, in the rainy (summer) and dry (winter) seasons. I used Analysis of Similarity (ANOSIM) to evaluate if differences i) among stream sites and ii) between seasons within a stream site, revealed by using the full data set (morphospecies, quantitative data), were also detected when using the simplified datasets. The effect of taxonomic resolution was not significant; the two simplified levels of this factor (morphospecies of EPT, families) were able to recover the same groups revealed by the full dataset. However, the use of presence/absence data had a strong negative effect on the ability to distinguish groups, particularly when differences were small (between seasons within a stream site). The success in recovering groups using simplified taxonomic data agrees with previous evaluations done using datasets from applied fields and those from ecological studies involving large spatial scales. However, in contrast to results observed in applied and large-scale studies, use of simplified data quantification in local datasets resulted in significant loss of infor- 
Introduction
The ability of studies to detect patterns in community structure is strongly dependent on the quality of data available. For example, conclusions in stream benthic studies may differ when using different data quantification, taxonomic resolution of identifications, sample size, and inclusion or exclusion of rare species (Cao et al. 1998 , Lenat & Resh 2001 .
A number of recent studies dealing with stream benthos have evaluated the influence of data quality on the ability of protocols to distinguish impacted from reference/control sites (Resh & McElravy 1993) . Interest in this issue relates to the continuous search of ways to reduce costs, allowing in some cases inclusion of an increased number of sites (Warwick 1993 , Lenat & Resh 2001 , Bradley & Ormerod 2002 . Despite current opposing views on specific topics (e. g. fixed-area vs. fixed-count of organisms; Barbour & Gerritsen 1996 , Courtemanch 1996 , Vinson & Hawkins 1996 , some convergent results have emerged. Lenat & Resh (2001) predict that family-level identifications might be useful in situations where differences between sites are large, but should fail in the distinction of sites that differ only slightly. In fact, studies assessing the distinction of impacted from reference assemblages have shown that identification to species-level does not add much information when compared to genus-or family-level identifications (Bowman & Bailey 1997) . In the field of marine biology, even identifications to phylum-level have produced similar patterns to those detected by species-level data (Warwick 1993) . Similarly, Marchant et al. (1995) used a dataset encompassing a wide geographic area to evaluate the effects of reducing the degree of detail in the original data. The results were similar to those observed in the applied studies cited before; patterns were still evident using the simplified datasets. A similar conclusion was attained by Furse et al. (1984) in the classification of 268 sites in Great Britain. Compared to ecological studies done at local scales, where differences between groups are generally small, we could regard the two situations cited above as cases where differences between groups were large.
Few evaluations are available in the literature for cases in which differences between groups are small, as is often the case in ecological studies at a local scale. Marchant (1990) evaluated the effects of data simplification (family identifications and presence/absence data) in a study encompassing a single river system. The effect of quantification was weaker than that observed when using family identifications. Field patterns recovered using the simplified datasets were generally similar to those revealed using the most complete dataset (species-level identification, quantitative data). However, weak differentiation observed between seasons was not revealed when using family level identifications. Despite the results of Marchant (1990) and the prediction of Lenat & Resh (2001) that the use of family-level identifications should not be sufficient to detect small differences between groups (e. g. differences between seasons in Marchant's study), rigorous tests on the validity of data simplification are still needed. Studies using family-level identifications are common in tropical areas, where complications due to poor taxonomic knowledge and high species richness occur (Stout & Vandermeer 1975) . In South America, identification of Trichoptera, for example, even to genus level is not always possible, as some genera are only known from adult specimens (Angrisano 1995 , Flint et al. 1999 ) and discoveries of previously undescribed genera still appear in the literature (e. g. Harris & Holzenthal 1997 , Holzenthal 1997 , Holzenthal & Pes 2004 . In extreme cases, even new family records for biogeographic provinces have been published (Holzenthal 1997 , Huamantinco & Nessimian 2003 . As a consequence, many ecological studies carried out in these areas only use family-level identifications of the macroinvertebrate fauna (Cleto-Filho & Walker 2001 , Bueno et al. 2003 , Jacobsen 2003 , or families of EPT (Ephemeroptera, Plecoptera, Trichoptera) (Bispo & Oliveira 1998 , Oliveira & Bispo 2001 .
In this study, I used a large quantitative dataset sorted to morphospecies to evaluate whether simplifying data quantification (presence/absence) or taxonomic resolution (family-level or morphospecies of EPT) affects distinctions of two levels of grouping i) samples collected in different stream sites and ii) samples collected in different seasons within a stream site. All stream sites were in the same catchment and physical-chemical differences among sites and also between seasons within sites were small. As a consequence, differences in community structure among stream sites and between seasons within sites were assumed to be small as well. In contrast to studies available in the literature, mostly comparing distinct groups (e. g. impacted vs. reference sites), I evaluate whether data simplifications are useful in situations where differences among groups are small.
Methods

Data collection and processing
The data were derived from a five-year study of macroinvertebrates in five stream sites and two seasons (summer and winter), totalling 50 samples. Streams differed from each other in size. Site 1 was a 1st order stream, 0.5-1 m in width and with a drainage basin area of 0.50 km 2 ; the streambed was composed mainly of sand and stones (10 -40 cm in size), and the reach studied had several pools and small waterfalls formed by fallen trees and accumulated twigs, leaves, and sand. Site 2 was 2nd order, 2.5 -3.5 m wide and with a drainage basin area of 1.81km 2 while site 3 was 3rd order, 3 -4 m wide and with a drainage basin area of 3.62 km 2 ; at both sites, the stream bottoms were predominantly composed of stones and boulders, with few pools and waterfalls. Sites 4 and 5 were fourth order streams, whose drainage basin areas were 25.19 km 2 and 25.69 km 2 , respectively, in both sites, the width ranges were 9-11 m and like sites 3 and 4, the streambeds were composed mainly of stones and boulders, with no pools and waterfalls in the studied reaches. Stream sites 1-5 represent sites 1, 4, 6, 8, and 9 respectively in a previous study, where additional information on physical characteristics of streams, invertebrate assemblages and a map are provided (Melo & Froehlich 2001) .
The mean annual precipitation in the area is~1700 mm, unevenly distributed across two seasons: one wet (130 -270 mm/mo) and warm (15 -30˚C) from September to March and another dry (60 -95 mm/mo) and cold (0 -25˚C) from April to August. Samples were taken twice a year, in February -March and July-August, during the period of 1997-2001. The timing of collection corresponds to the end of the (austral) summer and winter, respectively. Henceforth, samples accordingly will be called summer and winter samples.
Each sample was composed of 25 sampling units, each one consisting of all macroinvertebrates associated with a single stone (~18 cm). Sampling was done using a U-net sampler (Scrimgeour et al. 1993) in riffles. Material collected in the net was transferred to a white tray and all visible invertebrates were removed and fixed in ethanol. Stones were examined for attached individuals.
Because of the poor taxonomic knowledge of aquatic macroinvertebrates in Brazil, particularly for immature insects, individuals were identified to family level and then separated into morphospecies, aided by comparisons to a reference collection, pictures and lists of diagnostic characteristics. As more individuals of morphospecies were observed, some initial morphospecies were split in two, and all previously assigned material was rechecked, while some others were pooled. First instar larvae of some insect groups were not included in the dataset, as they do not present diagnostic structures (e. g. Simuliidae, Perlidae). I believe that most morphospecies correspond to biological species, an assertion supported by previous work on terrestrial groups showing a good correspondence between morphospecies sorted by non-specialists and species identified by specialists (Oliver & Beattie 1996) . However, this certainly was not true in a few groups (Diptera: Simuliidae and Brachycera). Twenty-two individuals (0.05 % of total) belonged to muscoid Diptera (Brachycera), and these individuals were pooled and used in analyses as a single "family". Because of difficulties in separating Chironomidae (Diptera) and Acari into morphospecies, these taxa were not included.
Data analysis
I first explored the relationships among the 50 samples with a classification analysis, using the UPGMA linkage method applied to a Bray-Curtis (or Sørensen) similarity matrix. The similarity data were computed after transforming abundance to Log 10 (x + 1). The analysis revealed that samples were first grouped within stream sites and, in some cases, a second level of grouping within sites separated summer and winter samples. I used these two grouping-levels to evaluate the effects of data resolution.
I assessed the validity of two simplification factors: i) quantification of data, with two levels (log 10 (x + 1), presence/absence) and ii) taxonomic resolution, with three levels (morphospecies, morphospecies of EPT only, families). Factors were crossed and thus six datasets were produced. The most detailed dataset (log 10 (x + 1) and morphospecies) was designated as the reference in the comparisons.
I used Analysis of Similarity (ANOSIM; Clarke & Green 1988) to evaluate if the two levels of groupings (stream sites, seasons) were apparent after data simplification. ANOSIM relates distance (= 1 -similarity) within groups to distances between groups. In the case of no difference between groups (the null hypothesis), distances within and between groups should be similar. In contrast, if a distinct group factor is present, distances within groups should be smaller than those between groups. A statistic called R, ranging from -1 to + 1, measures the distinctiveness of the grouping. R-values around 0 indicate no distinct groups, while those close to + 1 denote perfect groups. The significance of the observed R statistic is evaluated by comparison with a distribution of R-values generated by shuffling the samples from the different groups and randomly forming new groups. The procedure to produce the R statistic under the null hypothesis was repeated 1000 times. Calculation of R is done using rank of the distances instead of their absolute values. ANOSIM was computed using the BrayCurtis distance index, which works both on quantitative and qualitative (presence/absence) data. Calculations were carried out using functions vegdist and anosim of the vegan package (Oksanen 2004) , run under the R software (The R Development Core Team 2003).
The two grouping levels revealed initially by the cluster analysis (stream, season) were evaluated using the ANOSIM analysis. The R statistic and its associated p-value evaluated whether groupings were retained using the different combinations of data simplifications. Also, I further explored the effects of the two simplification factors (quantification and taxonomic resolution) by subjecting the R-values obtained to evaluate "season groupings" to a two-way analysis of variance. The R-values obtained for all five streams were considered replicates in the analysis of variance.
Results
Summaries of the datasets and relationships among samples
The full dataset contained 40,490 individuals distributed among 185 morphospecies, 91 of them included in EPT orders (Table 1) . A total of 50 families were identified. Samples contained in average 809.5 individuals and 53.5 mor- phospecies. Nearly 60 % of the morphospecies belonged to EPT orders and each family contained on average two morphospecies at a given site and season (Table 1) . Similarity among the 50 samples used in the study is depicted by means of a dendrogram produced by UPGMA and using morphospecies and quantitative data (Fig. 1) . Samples collected at the same stream site were always grouped. Within each stream group, there was a clear trend for samples to be arranged according to season. This was clearest at stream sites 2 and 3, and to a lesser degree in site 1. Winter samples tended to group at a higher similarity level than summer samples, in some cases forming a compact subgroup within a summer + winter group.
Stream grouping
Stream groups revealed using the UPGMA classification were distinctively recovered using ANOSIM on the dataset including quantitative data and morphospecies identification. The box-plot bars for distance ranks between-and within-groups shown in Fig. 2 are clearly separated. Distances within-groups were small when compared to distances between-groups. When using quantitative data, simplification in taxonomic resolution did not affect the distinctiveness of distance bars for between-and within-groups. However, taxonomic resolution was important when qualitative data were used. Distinctiveness of Fig. 1 . Classification of samples collected in five stream sites and two seasons during a five-year period (1997) (1998) (1999) (2000) (2001) by unweighted pair-group method using arithmetic averages (UPGMA) and Bray-Curtis (or Sørensen) distance. 1, 2, 3, 4 and 5 = stream sites. 97, 98, 99, 00 and 01 = years. S = summer, W = winter. Terms indicate consistent groups, and boxes "misclassified" samples. Cophenetic correlation between dendrogram and similarity matrix is 0.8609. Fig. 2 . Box-plot of rank distances between-and within-groups used to evaluate consistency of stream-grouping by Analysis of Similarity (ANOSIM). The horizontal lines in the box denote the 25th, 50th, and 75th percentile values. The error bars denote the 5th and 95th percentile values. Six datasets were evaluated, differing in terms of taxonomic resolution and data quantification. spp = organisms identified to morphospecies. ept = organisms belonging to orders Ephemeroptera, Plecoptera and Trichoptera identified to morphospecies. fam = families. q = quantitative (log 10 (x + 1)) data. p/a = qualitative (presence/absence) data. The left hand bar of each dataset corresponds to distances (rank) between-groups and the right hand bar to distances within-groups. The more separated the bars, the more distinct are the groups. The 50 samples composing each dataset produced a distance matrix containing 1225 values (= N(N-1)/2, where N = 50 samples). The between-groups bar includes 1000 distance values and the withingroups bar 225 values (= 5 sites * n(n-1)/2, where n = 10 samples). Values on top of each pair of bar represent the R statistic of ANOSIM. In all six cases p < 0.001, indicating that the five stream-groups are consistent.
groups was reduced when qualitative datasets were identified to EPT and, more severely, when identification was to family. Despite the decrease in distinctiveness of groups using qualitative data, separations among stream-groups were still significant (in all six cases R > 0.6 and p < 0.001) (Fig. 2) .
Season grouping
The UPGMA classification indicated that, at least for some sites (streams 2, 3), groups corresponding to summer and winter samples were present (Fig. 1) . However, the distinctiveness of these groups was weak when compared to groups formed by streams. Accordingly, distance bars for between-and within-groups in ANOSIM overlapped to some degree in four out of the five sites when using quantitative data and morphospecies identification (results not shown). For the quantitative datasets, the effect of taxonomic resolution was not homogenous among the five stream sites. For stream 5, R statistics (which measure distinctiveness of groups) were similar among the three types of taxonomic resolution (Table 2 ). The lowest R-values were found for identifications to the family level in streams 1, 2 and 3. However, in stream 4 the identification to the family level produced the highest R-value. Except for one case, groups were statistically distinct (p < 0.05) using the three taxonomic resolutions independent of stream site (Table 2) . Qualitative data sets including identifications to morphospecies produced the highest R in only two out of five stream sites. In two streams, best separations between distance bars were obtained using EPT identifications. In only two of the qualitative datasets (family for stream 4, morphospecies for stream 5) were groups formed by season statistically distinct (p < 0.05) ( Table 2) .
Effects of the two simplifyication factors
The effects of the two simplification factors (taxonomic resolution, data quantification) were further contrasted using the R statistics obtained in the ANO- Table 2 ). The taxonomic factor has three levels: morphospecies, morphospecies of EPT (Ephemeroptera, Plecoptera and Trichoptera) and families. The quantification factor has two levels: quantitative (log 10 (x + 1)) and qualitative (presence/absence). Stream sites are used as replicates in the analysis. SIM applied to season (Fig. 3) . Reponses to the factors were independent of each other because the ANOVA interaction term was not significant (Table 3) . Although there was a decrease in the R statistics with decreasing taxonomic resolution, the difference among levels was low and not significant (Table 3 ).
In contrast, the effect of quantification was high and significant (p < 0.001) ( Table 3) .
Discussion
Changes in quantification had a stronger effect than changes in taxonomic resolution. This is indicated by the recovery of groups (streams or seasons) irrespective of taxonomic resolution when using quantitative data. Use of qualitative data was enough to recover groups when differences among them were large (stream grouping), but failed when differences were subtle (season grouping). The dataset encompasses a small catchment (see map in Melo & Froehlich 2001) and the largest geographic distance between two streams (sites 1 and 5) is only 7.5 km. Streams are similar in terms of riparian vegetation and geologic composition, and are free of human disturbance. Size is the single, although only partially, distinguishing factor. Stream site 1 possesses the smallest discharge, stream sites 2 and 3 intermediate discharges, and sites 4 and 5 the largest discharges. If we were to classify them according to discharge, we would have three groups. Taking such similarities among stream sites into account, it is reasonable to assume that i) if they differ, this probably would occur among sites differing in size and ii) differences would be detected only when using a detailed sampling and processing procedure (i. e. quantitative data and morphospecies identification). It is quite surprising, therefore, to observe that i) even streams similar in size differed and that ii) simplified data were enough to reveal such differences.
Previous evaluations have shown that use of families is enough to clarify relationships among streams subjected to different degrees of anthropogenic impact (Hilsenhoff 1988 , Growns et al. 1995 , Waite et al. 2004 . This is conceivable if one considers that differences among reference and impacted streams are generally large. If a given pollutant is enough to cause local extinction of a species, it is likely that it will have the same effect on most of the other confamilial species (Bowman & Bailey 1997) . Accordingly, the same pattern will emerge no matter if one employs species or family identifications. The same line of reasoning may account for the success in use of family identifications in studies encompassing a large geographic region (Corkum 1989 , Marchant et al. 1995 . Areas restrictive to a species are likely to be restrictive to other species of the family as well. In the present study nearly the same families are present in the five sites and the two seasons. Within families, most common morphospecies occur in all sites (and seasons), while only a minority are restricted to streams of a given size (Melo & Froehlich 2001) . Lenat & Resh (2001) predict that patterns in data from sites with only slight differences would only be revealed when using species/morphospecies identifications. Contrary to their expectation, analysis using family data performed nearly equally well as did analyses using morphospecies data, indicating that responses of morphospecies within families were homogeneous. This may be due to the fact that each family contained on average only two morphospecies (Table 1) . Use of family was therefore equivalent to pooling pairs of morphospecies.
Most of the species belonging to orders EPT are thought to be more susceptible to anthropogenic impacts than species in other insect orders. As such, the number of EPT in a site or the proportion of species belonging to EPT is commonly employed as a metric in bioassessment programs (Resh & Jackson 1993) . In our study, where the distinguishing factors among samples were stream size and season (natural factors), we have no reason to suspect a drastic variation in numbers of EPT among levels of the two factors. In contrast to applied studies, therefore, we would not expect the EPT datasets to reveal groups effectively. However, datasets comprising morphospecies of EPT performed equally well as the full dataset containing morphospecies of all groups. Similarly to the observations made when using families, morphospecies of EPT acted as a subgroup including nearly 60 % of a redundant group, the full dataset (Table 1 ). This is an important result, because use of EPT or families in a study containing many samples would result in a saving of time and money (Warwick 1993) .
Simplification in numeric resolution had a stronger effect than simplification in taxonomic resolution in the present study. This contrasts with applied or large-scale studies, where the inclusion of quantitative data does not greatly improve the recovery of patterns in data (Marchant 1990) . In cases where differences among groups are generally large, presence or absence of a species is enough to characterize the site, e. g. impaired or not-impaired. In the present study, samples were obtained from essentially the same regional species composition. This is particularly the case for samples collected from the same stream but different seasons, and for samples collected in streams similar in size (sites 1 and 2; sites 4 and 5) (Melo & Froehlich 2001) . Given the high similarity in species composition among samples in the present study, differences in abundance among samples became the most important distinguishing factor. Conclusions of applied or large-scale studies recommending the use of presence/absence data should thus not be extended to ecological studies at local scale. Marchant (1990) evaluated the effect of qualitative and family-level identification on the robustness of ordination and classification of sites included in the same catchment. Patterns that emerged from the best dataset (species-level identification, quantitative data) were also generally recovered with the two simplified datasets. However, small seasonal differences among samples were not clearly detected with simplified data. In these cases, use of family identification (and quantitative data) performed less well than qualitative data (and species-level identification). The recovery of contrasting groups, and blurring of only slightly different groups using simplified datasets in the study of Marchant (1990) , is similar to the results found in the present paper. However, the two studies differ in respect to the relative importance of the two factors evaluated. In Marchant's study family identifications caused a greater negative effect than qualitative data, while the opposite occurred in the present evaluation.
This study reinforces previous studies, dealing with large spatial scales and those from applied fields, which indicate the validity of the use of low taxonomic resolution (e. g. family), and extends the conclusion to situations where differences among groups are small. However, it differs from these studies in its demonstration that use of presence/absence data should not be used in situations where presumed differences among groups are small.
